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(54) HIGH-STRENGTH AND HIGH-FORMABILITY AL-MG-SI ALLOY AND ITS MANUFACTURE 

(57)Abstract: 

PURPOSE: To economically manufacture the objective high strength 
and high formability Al-Mg-Si alloy by specifying the compsn. 
constituted of Mg, Si, Cu, Mn, Cr, Zr, Ti and Al and executing specified 
heat treatment. ^ 
CONSTITUTION: An Al alloy contg., as essential components, by 
weight, 0.2 to 0.8% Mg 0.2 to 1 .0% Si and 0.1 to 0.4% Cu by the || ' ^ 
amounts within the region surrounded by lines connecting A (0.2, 0.8), '% 
B (0.2, 0.4), C (0.4, 0.4), D (0.4, 0.2), E (1 .0, 0.2), F (1 .0, .0.6), G (0.4, ;m 

0.6) and H (0.4, 0.8) in Si-Mg diagram and furthermore contg. at least ti* w 0.6 o| ' M '. 

one kind among 0.1 to 0.8% Mn, 0.1 to 0.4% Cr, 0.05 to 0.2% Zr and 
0.005 to 0.2% Ti, and the balance Al with inevitable impurities is 
subjected to hot or cold rolling to regulate its thickness into a 
prescribed one. After that, this alloy sheet is heated to 475 to 550°C at 
>100°C/hr, is thereafter cooled to 45 to 65°C at 100°C/min and is 
furthermore held at >80°C for 15min to 12hr or at >70°C for 15min to 10hr. 
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'* NOTICES *. 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, as the (hereafter same) indispensable component at Mg:0.2-0.8%, Si:0.2-1.0%, and Cu:0.1- 

0. 4% and the A point (Si:0.2%, Mg:0.8%) shown in drawing 1 and a B point (Si: - 0.2%) Mg:0.4% and C point 
(Si:0.4%, Mg:0.4%) and D point (Si: 0.4%) Mg:0.2%, E points (Si: 1.0%, Mg:0.2%), and F points (Si: - 1.0%) 
Mg:0.6%, G points (Si:0.4%, Mg:0.6%), and H points (Si: - 0.4%) Mg and Si are contained in the amount in the field 
of the line which connected Mg:0.8% one by one. Furthermore, the high intensity high moldability aluminum-Mg-Si 
system alloy characterized by containing at least one of Mn:0.1-0.8%, Cr:0. 1-0.4%, Zr:0.05-0.2%, and Ti:0.005-0.2% 
of sorts, and the remainder consisting of aluminum and an unescapable impurity. 

[Claim 2] Hot rolling or cold rolling is performed about aluminum alloy which has a chemical entity according to claim 

1. After adjusting to predetermined product thickness, it heats at 475-550 degrees C with the heating rate 100 degrees 
C / more than hr. Then, it supplies with the cooling rate 100 degrees C / more than min in 45-degree-C or more warm 
water 65 degrees C or less. The manufacture approach of the high intensity high moldability aluminum-Mg-Si system 
alloy which carries out a reclosing into warm water 80 more degrees C or more, and is characterized by holding 15 
minutes or more for 12 or less hours, or supplying in warm water 70 degrees C or more, and holding 15 minutes or 
more for 1 0 or less hours. 

[Claim 3] The manufacture approach of the high intensity high moldability aluminum-Mg-Si system alloy 
characterized by performing short-time heating of 10 or less hours 5 minutes or more at 150-250 degrees C about the 
alloy obtained by claim 2 after performing 1 0 more% or more of cold working. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a high intensity high moldability aluminum-Mg-Si system alloy and 

its manufacture approach. 

[0002] 

[Description of the Prior Art] Conventionally, as an aluminum alloy for fabricating operations, the aluminum-Mg 
system alloy (5000 systems) of non-heat-treating molds, such as 5052 which is excellent in workability and corrosion 
resistance with inside reinforcement, and 5083, has been used. However, the demand of lightweight-izing is still 
severer and the aluminum alloy of a high moldability is strongly called for with the high intensity replaced with these 
5000 system alloy. 

[0003] Although there is a heat treatment mold alloy of 2000 systems, 6000 systems, and 7000 systems as a high 
intensity aluminum alloy, a moldability is inferior, or since heat treatment is required, there are problems, like a 
manufacturing cost is high. 

[0004] Moreover, in order that a 5000 system alloy may prevent stress corrosion cracking with the ingredient which 
contains that reinforcement falls and Mg so much when used in the elevated-temperature ambient atmospheres at the 
time of automobile transit etc., it is pointed out as an improving point that an activity at temperature higher than 66 
degrees C is regulated etc. 

[0005] This invention aims at offering the new aluminum alloy with which high intensity equivalent to heat treatment 
mold alloy 6061-T6 is obtained, and offering the manufacture approach, having a moldability equivalent to the high 
moldability aluminum alloy 5052, in order to meet these demands. 
[0006] 

[Means for Solving the Problem] In order to solve said technical problem, this invention person used to complete this 
invention here, as a result of repeating research in the quality-governing list from which high intensity equivalent to the 
heat treatment mold aluminum alloy of high intensity is obtained by short-time heat treatment like the conventional 
non-heat-treating mold aluminum alloy wholeheartedly about manufacture conditions. 

[0007] Namely, this inventions are Mg:0.2-0.8%, Si:0.2-1.0%, and Cu:0. 1-0.4% as an indispensable component, and 
the A point (Si:0.2%, Mg:0.8%) shown in drawing 1 and a B point (Si: - 0.2%) Mg:0.4% and C point (Si:0.4%, 
Mg:0.4%) and D point (Si: - 0.4%) Mg:0.2%, E points (Si: 1 .0%, Mg:0.2%), and F points (Si: - 1 .0%) Mg:0;6%, G 
points (Si:0.4%, Mg:0.6%), and H points (Si: - 0.4%) Mg and Si are contained in the amount in the field of the line 
which connected Mg:0.8% one by one. Furthermore, at least one of Mn:0. 1-0.8%, Cr:0. 1-0.4%, Zr:0.05-0.2%, and 
Ti:0.005-0.2% of sorts is contained. Let the high intensity high moldability aluminum-Mg-Si system alloy 
characterized by the remainder consisting of aluminum and an unescapable impurity be a summary. 
[0008] Moreover, the manufacture approach performs hot rolling or cold rolling about aluminum alloy which has the 
above-mentioned chemical entity. After adjusting to predetermined product thickness, it heats at 475-550 degrees C 
with the heating rate 100 degrees C / more than hr. Then, it supplies with the cooling rate 100 degrees C / more than 
min in 45-degree-C or more warm water 65 degrees C or less. Carry out a reclosing into warm water 80 more degrees 
C or more, and hold 15 minutes or more for 12 or less hours, or supply in warm water 70 degrees C or more, and it 
holds 15 minutes or more for 10 or less hours. After performing 10 more% or more of cold working if needed, it is 
characterized by performing short-time heating of 10 or less hours 5 minutes or more at 150-250 degrees C. 
[0009] This invention is explained further below at a detail. 
[Function] 

[0010] Generally the processing process of the conventional non-heat-treatable aluminum alloy is as follows. 

- Raw material (elasticity material) -> fabricating-operation -> (it is baking finish by the product). 

[001 1] On the other hand, when the conventional heat treatable aluminum alloy is left in a room temperature after 



solution-ized Water quenching, an age-hardening will advance in several days and it is remarkably inferior in 
fabricating-operation nature. For this reason, generally it is processed in the state of the good elasticity material of 
fabricating-operation nature. Therefore, a processing process becomes as follows very long, and a manufacturing cost 
becomes high. And the actual condition is adopted only as the limited product which thinks a product function as 
important. 

- raw material (elasticity material) -> fabricating-operation -> — solution-izing — -> water-quenching -> distortion 
correction ->T6 aging. 

[0012] On the other hand, aluminum alloy concerning this invention gives a delayed effect by managing severely the 
ratio and content of Mg of a principal component, and Si, and combining heat treatment. For this reason, the raw 
material obtained is equipped with the high moldability, and when obtaining aluminum alloy of high intensity with this 
high moldability further, the reinforcement of a high intensity heat treatment mold alloy is obtained at the same process 
as the case where non-heat-treating mold alloys, such as 5052 and 5083, are used. The processing process applied at 
this time is as follows. 

- A raw material (elasticity material) -> fabricating operation (10% or more) -> short-time heating (less than [ more 
than 150-250 degree-Cx5 minute 10 hour ]). 

[0013] First, the reason for definition of the chemical entity of the aluminum-Mg-Si system aluminum alloy in this 
invention is explained. 

[0014] Mg: Reinforcement is determined by the size and the consistency of Mg2Si, when the compound of Mg2Si is 
deposited and it obtains high intensity according to solution-izing, hardening, and T6 aging. In this invention, by . 
managing Mg to 0.2 - 0.8%, it can have the delayed effect to which aging does not advance even if it leaves it in the 
room temperature after hardening, and high intensity can be obtained with short-time heating after a fabricating 
operation. However, a delayed effect cannot be given, if the reinforcement eventually obtained if there is less Mg than 
0.2% is low and there is than 0.8%. [ more ] Therefore, let the amount of Mg be 0.2 - 0.8% of range. 
[0015] Although Si:Si is an important element which has the same effectiveness by the same reason as Mg, a delayed 
effect cannot be given, if the reinforcement eventually obtained if fewer than 0.2% is low and there is than 1 .0%. 
[ more ] Therefore, let the amount of Si be 0.2 - 1 .0% of range. 

[0016] however, the A point (Si: — 0.2%) which the content of Mg and Si is [ above-mentioned ] within the limits, and 
is shown in drawing 1 Mg:0.8%, a B point (Si:0.2%, Mg:0.4%), and C point (Si: -- 0.4%) Mg:0.4% and D point 
(Si:0.4%, Mg:0.2%) and E points (Si: ~ 1 .0%) Mg: It is necessary to manage 0.2% in the amount in the field of the line 
which connected F points (Si: 1.0%, Mg:0.6%), G points (Si:0.4%, Mg:0.6%), and H points (Si:0.4%, Mg:0.8%) one by 
one. 

[0017] That is, if it is a content within the limits of this, it will have the delayed effect to which aging does not advance 
even if it leaves it in the room temperature after hardening, and high intensity will be obtained by short-time heating 
after a fabricating operation. In addition, since the reinforcement eventually obtained in Mg:0.2-0.4% and Si:0. 2-0.4% 
(I region of drawing 1 ) is low, it is not desirable, and in the range (J region of drawing 1 ) which is Mg:0.6-0.8% and 
Si:0.4-1.0%, since a delayed effect cannot be given, it is not desirable. 

[0018] In forming the compound of Mg2Si, Cu:Cu works as a nucleus of a deposit, and has the effectiveness which 
contributes to the improvement in on the strength. However, a delayed effect cannot be given, if [ than 0.4% ] more 
[ when fewer than 0.1% / there is no effectiveness in the improvement in on the strength and ]. Therefore, let the 
amount of Cu(s) be 0.1 - 0.4% of range. 

[0019] In this invention, although the above-mentioned element is used as an indispensable component, at least one sort 
of Mn, Cr, Zr, and Ti is further added in optimum dose so that it may explain below. 

[0020] At less than 0.1 %, although Mn:Mn is an element contributed to stabilization of an organization, if there is little 
the effectiveness and it exceeds 0.8% on the other hand, a big and rough intermetallic compound will generate and a 
moldability will fall. Therefore, let the amount of Mn be 0.1 - 0.8%) of range. 

[0021] At less than 0.1%, although Cr:Cr is an element contributed to stabilization of an organization like Mn, if there 
is little the effectiveness and it exceeds 0.4% on the other hand, a big and rough intermetallic compound will generate 
and a moldability will fall. Therefore, let the amount of Cr(s) be 0. 1 - 0.4% of range. 

[0022] At less than 0.05%, although it is the element which Zr:Zr contributes to stabilization of an organization 
similarly, if there is little the effectiveness and it exceeds 0.2% on the other hand, a big and rough intermetallic 
compound will generate and a moldability will fall. Therefore, let the amount of Zr be 0.05 - 0.2% of range. 
[0023] At less than 0.005%o, although it is the element which Ti:Ti makes cast structure detailed and is contributed to 
improvement in fluidity and weldability, if the effectiveness is not enough and exceeds 0.2% on the other hand, a big 
and rough intermetallic compound will generate and a moldability will fall. Therefore, let the amount of Ti be 0.005 - 
0.2% of range. 

[0024] Next, the heat treatment conditions in this invention are explained. In addition, although the object of this 



invention is attained by strict management of the above-mentioned chemical entity, the engine performance improves 
further by performing the following heat treatments. 

[0025] First, although the above-mentioned aluminum alloy performs hot working or cold working and adjusts it to 
predetermined product thickness with a conventional method, solution treatment is performed on condition that 
predetermined after that. 

[0026] Solution treatment: Since an ingredient fuses selectively in the reinforcement which solution-ization does not 
fully take place if temperature is lower than 475 degrees C, but is obtained eventually if it is low and higher than 550 
degrees C, let a solution treatment temperature be the range of 475-550 degrees C. Moreover, if the heating rate at this 
time is slower than 100 degrees C/hr, an organization will make it big and rough, the fabricating-operation nature of a 
product will deteriorate, if a cooling rate is slower than 1 00 degrees C / min, hardening will fully be impossible and the 
reinforcement of a product will become low. Therefore, a heating rate and a cooling rate are carried out to more than 
100 degrees C/hr. 

[0027] Furthermore, when the holding time is less than 15 minutes when the temperature of the second warm water is 
lower than 80 degrees C and if the temperature of the first warm water thrown in at the time of cooling is not the range 
which is 45-65 degrees C, the delayed effect of an ingredient is not obtained. Moreover, effectiveness is saturated even 
if the holding time in the inside of the second warm water exceeds 12 hours. In addition, when warm water is lower 
than 70 degrees C, or when performing one step of hardening, and the holding time is less than 15 minutes, 
effectiveness is saturated, even if the delayed effect of an ingredient is not obtained and the holding time exceeds 10 
hours. 

[0028] Thus, as for the raw material obtained, the high moldability more than non-heat-treating mold aluminum alloys, 
such as 5052 and 5053, and an EQC is obtained. Moreover, necessary reinforcement is also obtained. 
[0029] In this invention, when required, still higher reinforcement is obtained by performing the next processing 
processing. That is, if working ratio performs short-time heating of the afterbaking attachment paint etc. 5 minutes or 
more at 150-250 degrees C by 10% or more in 10 or less hours when performing fabricating operations, such as press 
working of sheet metal, spinning, roll forming, and spinning, further, about the same very high reinforcement as 6061- 
T6 material will be obtained. It turns out that drawing 2 investigates the relation of the reinforcement obtained when 
manufacture conditions (except for the rate of cold working) change the rate of cold working into a chemical entity list 
about the thing of this invention within the limits, and high intensity is obtained by short-time heating at 10% or more 
of rates of cold working. 

[0030] However, effectiveness although high intensity was obtained, when it performs 10% or more of cold working 
has [ at least less than 10% ] large working ratio. In addition, if whenever [ short-time stoving temperature ] has the 
small improvement in on the strength and exceeds 250 degrees C at less than 150 degrees C, it will become overaging 
and reinforcement will fall. Moreover, effectiveness saturates and is not economical, even if reinforcement with heating 
time sufficient in less than 5 minutes is not obtained but it heats exceeding 10 hours. 
[0031] Next, the example of this invention is shown. 
[0032] 

[Example 1 ] Using aluminum alloy of the chemical entity shown in a table 1 as a test specimen, cold rolling was 
performed after hot rolling about the ingot of this 50mm thickness, and the ingredient of 4mm thickness was 
manufactured. Subsequently, the conditions shown in a table 2 using this plate were heat-treated, and the raw material 
was obtained. 
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[A table 2] 
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In addition, about No.9 (5052 alloys), 340 degree-Cx2hr heating of the plate was carried out, and it considered as 
material (elasticity material). It is a table 3 [a table 3] about the engine performance of the obtained raw material. 
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It is alike and is shown. Furthermore, the reinforcement after a heating-at-high-temperature activity is also written 
together to a table 3 at the product-performance list after the baking finish implementation for cold- working (30% of 
working ratio) ->160-degree-Cx 15 minutes to a raw material. 

[0033] A table 3 shows that the example of this invention has high elongation and a high Erichsen value while having 
about the same low reinforcement as 5052 for a raw material, and about the same fabricating-operation nature as 5052 
is shown. Moreover, still higher reinforcement is obtained by the baking finish after cold working to a raw material, 
and it is clear that the reinforcement after a heating-at-high-temperature activity is also high. 
[0034] 

[Example 2] Using aluminum alloy of the chemical entity shown in a table 1 as a test specimen, cold rolling was 
performed after hot rolling about the ingot of this 50mm thickness, and the ingredient of 4mm thickness was 



manufactured. Subsequently, this 



)late is used and it is a table 4 [a table 4]. 
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It is alike, the shown conditions are heat-treated, a raw material is manufactured, and, subsequently it is a table 5 fa 
tableS]. 
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It was alike, processing and short-time heat treatment were performed on the shown conditions, and the product was 
manufactured. Product performance and the reinforcement after an elevated-temperature activity are shown in a table 6 
at the engine-performance list of the obtained raw material. 
[A table 6] 
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[0035] As the example of this invention shows a table 6, while adjusting a chemical entity, although it has a high 
moldability, especially as for the raw material obtained by performing solution treatment, by performing further 
predetermined cold working and short-time heat treatment shows that high intensity can be given further. Moreover, it 
is shown that high reinforcement is especially maintainable with the activity in an elevated temperature. 
[0036] 

[Effect of the Invention] As explained in full detail above, according to this invention, having a moldability equivalent 
to the high moldability aluminum alloy 5052, the high intensity high moldability aluminum alloy which has high 
intensity equivalent to heat treatment mold alloy 6061-T6 can be offered, and there is no lowering on the strength by 
the activity in an elevated temperature especially. Moreover, since it can manufacture at the same process as a non- 
heat-treatable aluminum alloy, it is economical, and the effectiveness which contributes to amplification of an 
application is large. 



